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Computational Methods
Partial Least Squares (PLS) Analysis of Normal Developmental Gene
Expression Change. PLS regression analysis was performed to find
a hyper plane of reduced dimensionality relating the expression
variation of the studied genes to the developmental stages DN1,
DN2, DN3A, DN3B, and DN4. PLS begins by characterizing the
five developmental stages DN1–DN4 as orthogonal axes in
five-dimensional space. Each of the assayed genes is represented
as a point in this space, such that the gene’s coordinate along
each axis corresponds to its expression level at the corresponding
developmental stage. Genes with similar expression changes
during development will tend to form clusters in this space,
whereas genes with distinctly different expression profiles will
tend to segregate into different regions of the space. PLS rotates
the DN1–DN4 gene expression axes so as to maximize the
differences in gene expression coordinates. The axis rotations
are performed such that the first axis captures the direction of
greatest variation, the second axis captures the next, and so on.
The coordinates of the genes along the five rotated axes repre-
sent exactly the same data as the original gene expression values,
but they reveal more of the clustering and segregation patterns
hidden in the data. Frequently, the most significant patterns in
the data are captured by the gene expression coordinates along
the first two rotated axes (the first two principal components).
Thus, PLS frequently allows gene expression data from multiple
datasets (here five developmental stages) to be summarized
accurately on a simple 2D plot. We used the pls R package
described in ref. 1 for this purpose.
Gene expression levels were normalized to -actin expression
in the same samples and log10-transformed before pls analysis.
Each gene expression entered the analysis as a 10-tuplet variable:
two QPCR replicate measurements for each of the five DN
stages (e.g., gene1 DN1 first value, DN1 second value, DN2 first
value, DN2 second value, etc.).
The DN stages were also encoded as binary 10-tuplet values (in
the style of the gene expression data) with a digit 1 in the positions
corresponding to QPCR measurements relating to that DN stage
and 0 elsewhere. For example DN1 was encoded as (1, 1, 0, 0, 0, 0,
0, 0, 0, 0). As a result, the DN states are represented by orthogonal
vectors of equal magnitude in the 10-dimensional space.
PLS constructs a regression model for predicting the depen-
dent variable (DN stages in our case) based on the information
encoded in the gene expression profiles. The independent
variables (gene expression profiles in our case) are linearly
combined into a reduced number of predictors, which optimally
explain as much as possible of the variability in the data.
For our particular data, the first two pls components capture
70% of variance of the 146 gene profiles and strongly account for
the DN1, DN3a, and DN4 stages. The next two pls components
mainly explain DN2 and DN3b states, as summarized in Table S1.
A biplot of gene expression levels and DN stages on the plane
defined by the first two principal components provides a pow-
erful visual aid in understanding the stage-specific contribution
of each gene. The position of a gene on the biplot is determined
by its variance and its correlation with the pls components.
Genes with low expression variability are represented closer to
the origin while those changing a lot tend to dominate the plot.
To avoid clutter in the 2D visualizations presented as figures,
we rescaled the gene expression levels to the square root of their
initial variance. The transformation does not change the gene
orientation in the multidimensional space, while the relative
magnitude of gene expression variation is still visible on the 2D
pls projection. All of the 2D visualizations included use the
above transformations.
The lengths of the DN-stage vectors in the pls principal axis
space indicate the extent to which these axes are explanatory of
the corresponding DN state. Because in the full multidimen-
sional space this length is the same for all five DN stages, the
length of these vectors in the 2D projection shows the relative
extent to which the DN stages are represented in the projection.
Long vectors indicate DN stages well represented in the projec-
tion. In the multidimensional space, the cosine of the angle
between the vectors corresponding to two variables (genes
and/or DN stages) gives the correlation between the two vari-
ables. Accordingly, the angle from the origin to the represen-
tation points in the 2D projection can be used to assess corre-
lation between genes and DN stages.
Perturbation Analysis. Genes potentially regulated by Gata3 or
PU1, and by Notch signaling, were identified by two-way ANOVA
performed on three perturbation data sets, as described. We used
the Limma Bioconductor package (2) for this purpose.
Briefly, for each dataset and each gene, the procedure fits a
model relating the expression variation of the gene to the
perturbation factors. The significance of each perturbation effect
is assessed by comparing the mean variability in gene expression
caused by the perturbation to the measurement error. The
strength of each individual perturbation alone, as well as com-
binatorial nonadditive effects were estimated and presented as P
values. We corrected for multiple testing according to the false
discovery rate procedure described in ref. 2. The perturbation-
influence arrows correspond to P  0.05 after correction.
The ANOVA procedure allows simultaneous testing for sig-
nificance of multiple factors, t test values, and corresponding P
values being provided for each of the factors included in the
experimental design as well as for their synergistic/cooperative
interaction.
The t test is a standard statistical measure for assessing
whether two sets of measurements are sampled from the same
population or from populations with different means. The
method evaluates the likelihood that any difference between the
two sample averages is just a consequence of sampling errors. A
score for sample dissimilarity, called the t test statistic, is
computed as the ratio of the observed difference between the
averages of the two samples, and a scaling term (sd) that reflects
the expected variability caused by sampling error:
t
X 1 X 2
sd
, sd  s12n1 s2
2
n2
,
where n  sample size, and s1, s2  standard deviation for the
two samples.
Note that if the measurements are logs of expression values (as
in our case), the difference in the sample means is just the log
of the fold change between the geometric means of the raw
expression values in the two samples.
Whether the two samples differ is determined by comparing the
t test statistic to its expected distribution if the two samples are from
the same population. A P value for test significance is computed. P
values below a certain threshold (typically 0.01 or 0.05), point to
samples coming from populations with different means.
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A similar threshold for t test significance can be defined by
using the t test scores directly. The advantage of relying on the
t test score statistic is that the score can be positive or negative.
In the case of gene expression data, the sign of the score indicates
up- or down-regulation. For large samples, the expected t test
distribution under the same-population assumption, is roughly
normal, in which case the two-sided test thresholds for signifi-
cance are 1.96 (corresponding to P  0.05), and 2.58 (corre-
sponding to P  0.01). For smaller sample sizes and multiple
testing, these thresholds are corrected upward.
Similar underlying principles are used to assess the signifi-
cance of the interaction coefficients in our perturbation analysis.
The ANOVA procedure we used to determine whether two
factors (F1, F2) have a significant effect on the expression of a
target gene, fits a regression model to the expression data of the
target gene (G), as follows:
G f1F1 f2F2 f12F1F2  fitting Error.
The coefficients f1, f2, and f12 are estimated by minimizing the total
sum of squared error in fitting the available data. Large values for
the corresponding coefficients indicate a significant effect by the
corresponding factor(s). Whether a coefficient is statistically sig-
nificant is assessed in a manner similar to t-testing procedure
described above. Briefly, the coefficient value is first scaled by the
estimated model standard error, and then compared to a standard
expected distribution assuming no effect is present.
The Limma package implementation of ANOVA that we used
for our analysis uses a more robust estimate of the residual
variance for each model using empirical Bayesian methods.
Empirical Bayesian methods provide stable results even when
the number of measurements per gene is small.
1. Wehrens R, Mevik B-H (2007). The pls Package: Principal Component and Partial Least
Squares Regression in R. J Stat Software 18:1.24.
2. Smyth G K (2005) Limma: linear models for microarray data. Bioinformatics and
Computational Biology Solutions using R and Bioconductor, eds Gentleman R, Carey
V, Dudoit S, Irizarry R, Huber W (Springer, New York), pp 397–420.
3. Benjamini Y, Yekutieli D (2001) The control of the false discovery rate in multiple
testing under dependency. Ann Stat 29:1165–1188.
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Fig. S1. Four principal components of gene expression change during early T cell specification. (A) Projections of the full set of DN1–DN4 gene expression
patterns onto the partial least squares component 1–2 and 3–4 planes. (B) A projection of the full set of DN1–DN4 gene expression patterns onto the partial least
squares component 1–2 and 3–4 planes. To avoid clutter, the data points corresponding to most genes are indicated only with magenta symbols. Black markers
and labels indicate the positions of some of the key genes discussed.
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Fig. S2. Effects on gene expression of Delta/Notch interaction combined with GATA-3 or PU.1 overexpression. Each axis denotes t test scores for one
perturbation experiment. Dashed lines indicate the two-sided significance thresholds along each axis corresponding to P of 0.05 after correction for multiple
testing (values between the dashed lines are considered not significant). (Left) The results of a study on the effects of forced PU.1 expression in fetal thymocytes
in the presence or absence of Notch signals (1). (Right) The effects of overexpressing GATA-3 in fetal thymocytes (2) Both studies were performed in E.V.R.’s
laboratory, and the date are posted on the project web site (www.its.caltech.edu/tcellgrn/Data.html). Only genes significantly affected by at least one factor
are present.
1. Franco CB, et al. (2006) Notch/Delta signaling constrains re-engineering of pro-T cells by PU.1. Proc Natl Acad Sci USA 103:11993–11998.
2. Taghon T, Yui MA, Rothenberg EV (2007) Mast cell lineage diversion of T lineage precursors by the essential T cell transcription factor GATA-3. Nat Immunol 8:845–855.
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Fig. S3. Short-term effects of the presence or absence of Notch–Delta interaction on gene expression in fetal thymocytes. (A) Analysis of Notch–Delta
interaction effects in an independent study, similar to results shown in Fig. 2. The cells analyzed here include more primitive T cell precursors than those shown
in Fig. 2 as total CD45 fetal thymocytes from E14 were used (1). Gene expression effects monitored thus include Notch-dependent initial specification events
and Notch-dependent maintenance of gene expression. Nevertheless, there is good agreement with the results shown in Fig. 2. (B) Data for all genes analyzed
including non-T cell genes, from ref. 1. The data are presented as log10 differences in expression when cells were deprived of Delta interaction, relative to controls
that were restored to a ‘‘normal-like’’ interaction with Delta. Bars indicate the geometric means of the values obtained in four distinct samples. Error bars indicate
standard deviations. (C) Data shown as in B, but for the Thy-1 E15.5 fetal thymocytes shown in Fig. 2 (2).
1. Taghon T, Yui MA, Rothenberg EV (2007) Mast cell lineage diversion of T lineage precursors by the essential T cell transcription factor GATA-3. Nat Immunol 8:845–855.
2. Franco CB, et al. (2006) Notch/Delta signaling constrains re-engineering of pro-T cells by PU.1. Proc Natl Acad Sci USA 103:11993–11998.
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AFig. S4. BioTapestry gene regulatory network visualization. (A) BioTapestry visualization of the full network of regulatory interactions arrived at by combining
our data analysis results with published data. Arrows incident on each gene indicate regulatory influences. Off-DNA interactions are represented by white disks
and labeled individually on the figure. On the online version of this diagram (which is freely available at www.its.caltech.edu/tcellgrn/TCellMap), the user can
interactively step through each developmental stage, view the relative gene expression levels, and explore the data underlying each proposed interaction. (B)
BioTapestry visualization of the network of regulatory interactions in DN1 cells. Gene background colors indicate relative expression values. (C) BioTapestry
visualization of the network of regulatory interactions in DN2. Gene background colors indicate relative expression values. (D) BioTapestry visualization of the
network of regulatory interactions in DN3A cells. Gene background colors indicate relative expression values. (E) BioTapestry visualization of the network of
regulatory interactions in DN3B cells. Gene background colors indicate relative expression values. (F) BioTapestry visualization of the network of regulatory
interactions in DN4 cells. Gene background colors indicate relative expression values. (G–K) BioTapestry visualization of proposed changes in active and inactive
network links from the DN1 through the DN4 stage. Inactive genes and links are depicted in gray and the proposed regulatory inputs responsible for activity
or inactivity at a particular stage are shown in color. (G) DN1 stage. (H) DN2 stage. (I) DN3a stage. (J) DN3b stage. (K) DN4 stage. Note that many components
of the early T cell gene expression program are extinguished after pre-TCR signaling occurs at -selection.
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BDN1
Fig. S4. (Continued).
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CDN2
Fig. S4. (Continued).
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DDN3a
Fig. S4. (Continued).
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EDN3b
Fig. S4. (Continued).
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FDN4
Fig. S4. (Continued).
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Table S1. Percent cumulative variance explained by PLS components
Variance explained in2 1 component 2 components 3 components 4 components
All genes 38.198 72.898 80.12 86.08
DN1 77.588 82.127 97.29 98.4
DN2 4.54 7.146 89.84 96.83
DN3a 6.632 59.53 80.72 96.72
DN3b 12.843 14.199 14.57 88.35
DN4 22.851 85.6 87.05 96.04
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Table S2. Coordinates of genes from data set 1 along four
principal component axes
Gene Component 1 Component 2 Component 3 Component 4
DN1 4.92 1.14 0.93 0.22
DN2 1.19 0.86 2.18 0.57
DN3a 1.44 3.88 1.1 0.86
DN3b 2 0.62 0.15 1.84
DN4 2.67 4.22 0.29 0.64
Atxn2l 0.43 1.96 0.05 0.06
Bcl11b 4.52 1.48 0.71 0.4
Ccdc88c 0.96 0.88 0.38 0.22
Cebpb 2.55 1.04 0.29 0.35
Dtx1 1.73 2.79 0.53 0.28
Elf4 0.61 0.68 0.33 0.02
Erg 4.28 3.22 0.24 0.1
Esr1 1.32 1.85 0.17 0.5
Ets1 2.67 0.82 0.08 0.06
Ets2 2.67 0.66 0.78 0.02
Etv6 2.75 0.77 0.26 0.26
Foxp1 1.54 0.42 0.68 0.36
Gata3 1.42 1.55 0.29 0.15
Gfi1 0.16 1.21 0.13 0.14
Gfi1b 3.5 0.26 0.37 0.31
HEBalt 3.63 2.55 0.73 0.39
Id1 1.87 0.18 0.01 0.99
Id2 2.02 2.26 0.05 0.03
Id3 3.28 0.49 0.18 0.71
Ikzf1 0.81 0.13 0.23 0.2
Ikzf2 0.2 0.25 0.05 0.15
Ikzf3 2.8 1.92 1.28 0.49
Ikzf4 0.06 2.61 0.5 0.08
Klf13 1.08 0.13 0.48 0.27
Lef1 4.39 0.61 0.6 0.5
Myst3 0.72 1.02 0.4 0.17
Nfe2 0.34 0.88 0 0.28
Pou6f1 4.31 0.43 0.55 0.02
Rnf149 1.72 0.73 0.09 0.17
Runx1 0.61 2.99 0.04 0.12
Runx2 3.34 2.19 0.08 0.22
Runx3 2.76 1.74 0.26 0.11
Sbf1 0.17 0.49 0.43 0.31
Sfpi1 4.96 1.34 0.48 0.1
Spib 0.38 2.96 0.66 0.48
Tcf12 2.01 0.86 0.34 0.03
Tcf7 2.47 0.24 0.01 0.11
Tcfe2a 0.12 0.06 0.06 0.1
Thrap3 2.21 1.3 0.18 0.15
Tsc22d1 2.98 0.06 0.41 0.38
Unk 0.33 0.39 0.42 0.16
Zbtb7a 0.1 0.88 0.34 0.24
Zfp109 0.39 2.33 0.04 0.05
Zfp287 1.46 3.26 0.08 0.38
Zfp316 3.17 1.97 0.44 0.46
Zfp358 0.84 1.72 0.08 0.11
Zfp407 1.02 0.64 0.29 0.1
Zfp422 0.2 0.97 0.41 0.11
Zkscan1 0.2 1.23 0.57 0.17
Zscan21 0.02 1.38 0.24 0.02
The first five rows are the vector coordinates of the binary-encoded DN
stages.
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Table S3. Coordinates of genes from data set 2 along four
principal component axes
Gene Component 1 Component 2 Component 3 Component 4
Aff3 2.06 2 0.25 0.04
Arid1a 0.8 1.75 0.08 0.03
Bahd1 0.36 2.33 0.22 0.09
Brd3 0.3 1.43 0.02 0.14
Brd4 0.36 1.51 0.08 0.17
Cbx4 0.78 2.21 0.06 0.34
Cep170 0.41 1.76 0.14 0.04
Ctbp1 0.28 1.24 0.05 0.13
Cux1 1.15 1.19 0.12 0.19
Dmtf1 0.33 1.55 0.33 0.11
Elk3 2.75 1.51 0.22 0.04
Elk4 0.33 2 0.1 0.34
Fli1 1.01 1.37 0.2 0.12
Foxj3 0.12 1.64 0.21 0.14
Foxp4 0.49 2.19 0.38 0.3
Fus 0.16 1.41 0.08 0.2
Gabpa 0.05 1.63 0.17 0.09
Gata2 3.82 0.54 0.22 0.12
Gse1 0.11 0.19 0.05 0.41
Hes1 1.29 3.03 0.08 0.54
Hmga1 1.64 0.4 0.11 0.15
Jmjd3 0.97 0.79 0.55 0.03
Klf2 2.02 2.21 0.2 0.08
Lima1 2.71 1.39 0.37 0.26
Mlf2 1.22 0.95 0.29 0.1
Mll1 0.08 1.89 0.11 0.29
Mll2 0.35 2.25 0.22 0.16
Mta2 0.7 1.37 0 0.14
Mta3 0.05 2.39 0.23 0.21
Mybl2 1.48 0.21 0.25 0.42
Nasp 0.42 1.04 0.15 0.23
Ncor1 0.08 1.7 0.06 0.19
Ncor2 0.32 1.67 0.33 0.22
Per1 0.19 1.51 0.13 0.01
Pou2f1 0.1 1.6 0.23 0.12
Ptma 0.57 0.2 0.18 0.26
Rara 0.43 1.47 0.56 0.01
Rbak 0.62 2.05 0.35 0.14
Rreb1 1.64 1.91 0.18 0.41
Saps1 0.54 1.43 0.05 0.3
Satb1 1.69 0.09 0.48 0.19
Stat5b 0.05 1.94 0.01 0.35
Tbx21 2.95 0.38 0.79 0.31
Tfdp1 0.38 1.7 0.23 0.07
Tle3 0.19 1.95 0.07 0.39
Tox 1.08 1.83 0.03 0.3
Trim14 1.34 1.75 0.38 0.43
Trim25 0.93 0.16 0.48 0.42
Trim44 0.27 1.67 0.18 0.19
Yy1 0.09 0.13 0.39 0.3
Zbtb20 0.82 2.89 0.03 0.31
Zbtb48 0.16 1.72 0.39 0.05
Zfp1 0.31 1.78 0.31 0.1
Zfp110 0.14 1.66 0.22 0.05
Zfp238 1.06 1.69 0.11 0.18
Zfp28 1.13 2.41 0.25 0.03
Zfp382 1.13 1.15 0.36 0.07
Zfp384 0.15 1.17 0.73 0.17
Zfp426 0.15 1.98 0.11 0.19
Zfp598 0.26 0.03 0.53 0.29
Zfp748 0.66 2.07 0.03 0.05
Zfp771 0.08 2.13 0.24 0.15
Zkscan5 0.11 1.94 0.24 0.14
Zscan22 0.03 0.71 0.67 0.33
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Table S4. Coordinates of genes from other datasets along four principal component axes
Gene Component 1 Component 2 Component 3 Component 4
Sox4 2.13 0.23 0.16 0.21
Bcl11a 3.56 2.13 0.07 0.07
Mitf 2.64 1.98 0.52 0.28
Zfpm1 0.02 1.38 0.07 0.13
Cebpa 2.63 1.49 0.54 0.29
Myb 0.96 1.07 0.46 0.07
Dtx3l 0.49 3.26 0.03 0.13
Mpzl2 2.46 3.04 0.05 0.26
Fkbp5 1.72 1.27 0.19 0.1
Tal1 5.57 1.26 0.61 0.25
Zfp30 2.71 2.23 0.05 0.28
Ddx19b 0.08 1.73 0.15 0.11
Helz 0.43 1.61 0.06 0.27
Tmem131 0.56 2.16 0.4 0.28
4632433K11Rik 0.81 2.02 0.02 0.33
Cd3e 3.61 3.92 0.92 0.25
Il2rb 2.95 2.61 0.1 1.39
Notch3 2.33 2.98 0.17 0.36
Ptcra 3.66 3.82 0.37 0.13
Rag1 2.76 3.3 0.1 0.28
Sox13 1.31 1.02 0.29 0.21
Zap70 3.81 0.91 0.51 0.11
Bcl2 0.27 2.93 0.66 0.03
Cd3 g 5.31 1.69 1.04 0.43
Kit 2.74 1.67 0.1 0.23
Gapdh 1.2 1.08 0.21 0.24
Il2 1.15 2.68 0.09 0.56
Il7r 2.07 1.58 0.6 0.39
Lat 2.32 2.57 0.37 0.19
Lck 2.09 2.22 0.28 0.17
Notch1 0.78 1.95 0 0.32
Tcra-C 3.73 0.62 0.05 0.74
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Table S5. ANOVA test results for the effects of Delta-Notch and PU.1 perturbations on downstream genes
Gene
T-statistic Raw P P corrected for multiple testing
D.t PU1.t DP.t D.p PU1.p DP.p D.pc PU1.pc DP.pc
Itgam 0.12 11.60 3.73 9.0e-01 2.9e-14 0.0006 9.3e-01 5.5e-13 0.009
Lat 1.89 11.08 3.27 6.5e-02 1.1e-13 0.0022 1.4e-01 1.2e-12 0.013
Ets1 0.13 11.03 3.42 8.9e-01 1.3e-13 0.0014 9.3e-01 1.2e-12 0.011
Tcf7 2.04 9.94 1.62 4.8e-02 2.7e-12 0.1142 1.1e-01 2.1e-11 0.217
Rag1 0.95 9.80 3.13 3.4e-01 4.1e-12 0.0032 5.8e-01 2.6e-11 0.013
Egr3 4.91 9.47 4.21 1.6e-05 1.0e-11 0.0001 1.0e-04 5.1e-11 0.005
Myb 3.41 9.43 3.65 1.5e-03 1.2e-11 0.0007 5.7e-03 5.1e-11 0.009
Tcf12 0.06 9.51 3.13 9.5e-01 9.5e-12 0.0032 9.5e-01 5.1e-11 0.013
Bcl11b 0.28 8.67 3.47 7.7e-01 1.1e-10 0.0012 9.3e-01 4.4e-10 0.011
Gfi1 1.65 8.30 3.10 1.0e-01 3.6e-10 0.0035 2.1e-01 1.2e-09 0.013
Cd3 g 0.12 8.25 2.23 9.0e-01 4.1e-10 0.0312 9.3e-01 1.3e-09 0.074
Zap70 0.94 8.21 3.00 3.5e-01 4.6e-10 0.0046 5.8e-01 1.3e-09 0.016
Cd3e 0.40 7.87 3.23 6.9e-01 1.3e-09 0.0025 8.7e-01 3.6e-09 0.013
Lck 2.42 7.76 1.71 2.0e-02 1.8e-09 0.0957 5.4e-02 4.8e-09 0.191
Zfpm1 0.89 7.39 2.26 3.7e-01 5.9e-09 0.0295 5.9e-01 1.4e-08 0.074
Id3 4.80 7.30 1.90 2.2e-05 8.0e-09 0.0645 1.2e-04 1.8e-08 0.137
Ets2 4.14 7.06 0.69 1.7e-04 1.6e-08 0.4944 8.4e-04 3.5e-08 0.552
Ikzf1 0.84 6.92 2.49 4.0e-01 2.6e-08 0.0169 6.2e-01 5.3e-08 0.049
Hes1 7.08 6.31 2.60 1.5e-08 1.8e-07 0.0131 2.0e-07 3.4e-07 0.041
Runx3 0.74 5.61 1.90 4.6e-01 1.7e-06 0.0652 6.5e-01 3.2e-06 0.137
Tcfe2a 3.07 4.53 0.01 3.8e-03 5.3e-05 0.9955 1.2e-02 9.2e-05 0.995
Id2 2.77 3.96 2.36 8.4e-03 3.0e-04 0.0232 2.4e-02 5.0e-04 0.063
Bcl11a 0.50 3.91 0.31 6.1e-01 3.5e-04 0.7609 8.4e-01 5.6e-04 0.781
HEBalt 6.42 3.13 0.59 1.2e-07 3.3e-03 0.5594 1.2e-06 5.0e-03 0.607
Id1 3.29 2.61 1.03 2.1e-03 1.2e-02 0.3106 7.3e-03 1.7e-02 0.443
Csf2ra 0.45 2.50 0.70 6.5e-01 1.6e-02 0.4875 8.5e-01 2.2e-02 0.552
Egr2 0.17 2.43 1.02 8.6e-01 1.9e-02 0.3152 9.3e-01 2.5e-02 0.443
Ptcra 14.70 2.07 0.44 1.4e-17 4.5e-02 0.6622 2.7e-16 5.5e-02 0.699
Cebpa 3.69 1.85 1.04 6.7e-04 7.2e-02 0.3039 2.8e-03 8.5e-02 0.443
Egr1 1.26 1.69 1.59 2.1e-01 9.8e-02 0.1200 4.1e-01 1.1e-01 0.217
Dtx1 20.03 1.60 1.48 3.1e-22 1.1e-01 0.1468 1.2e-20 1.3e-01 0.253
Cebpb 0.25 1.37 0.92 8.0e-01 1.7e-01 0.3645 9.3e-01 1.9e-01 0.477
Gata3 1.00 1.31 0.76 3.2e-01 1.9e-01 0.4497 5.8e-01 2.0e-01 0.534
Lzm-s2 1.76 1.16 1.20 8.5e-02 2.5e-01 0.2384 1.8e-01 2.5e-01 0.393
ANOVA test results for the effects of Delta-Notch and PU.1 perturbations on downstream genes. Shown are the t test scores (first three columns, D 
Delta-Notch perturbation, PU1  PU.1 over-expression, DP  interaction between Delta-Notch and PU.1 effects), raw P values (last three columns, D 
Delta-Notch perturbation, PU1  PU.1 over-expression, DP  interaction between Delta-Notch and PU.1 effects) for the individual effects of each of the two
perturbations, and their interaction (DP), and P values corrected for multiple hypothesis testing (with subscript .pc). Data are from ref. 1. A negative T-statistic
indicates a repressive interaction. Underlined gene names indicate genes for which full developmental time course data was not available. These genes are
therefore not indicated in the plots of Fig. 1. Id2, Zfpm1, and Cd3 g have delta-PU.1 interaction P values close to our selection threshold and additional support
in the literature. These were therefore retained in Fig. 1E.
1. Franco CB, et al. (2006) Notch/Delta signaling constrains re-engineering of pro-T cells by PU.1. Proc Natl Acad Sci USA 103:11993–11998.
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Table S6. ANOVA test results for the effects of Delta-Notch and Gata3 perturbations on downstream genes.
Gene
T-statistic Raw P values P values corrected for multiple testing
D.t G3.t DG.t D.p G3.p DG.p D.pc G3.pc DG.pc
Epor 2.06 0.33 0.07 5.2e-02 7.4e-01 9.4e-01 1.0e-01 7.7e-01 0.977
Tpsb2 0.22 1.39 0.59 8.2e-01 1.7e-01 5.6e-01 8.7e-01 2.9e-01 0.901
Mpl 0.51 6.06 2.71 6.1e-01 5.3e-06 1.3e-02 7.4e-01 2.7e-05 0.098
Tcfe2a 2.74 0.33 0.37 1.2e-02 7.4e-01 7.1e-01 2.9e-02 7.7e-01 0.949
Id3 3.75 3.98 0.78 1.1e-03 6.9e-04 4.4e-01 4.7e-03 2.3e-03 0.850
Nrarp 2.89 2.06 0.48 8.7e-03 5.1e-02 6.3e-01 2.1e-02 9.9e-02 0.905
Hes1 7.50 11.28 4.82 2.3e-07 2.4e-10 9.4e-05 2.0e-06 3.1e-09 0.002
Cpa3 1.03 15.23 4.91 3.1e-01 8.8e-13 7.6e-05 4.0e-01 2.3e-11 0.002
Mitf 0.39 11.47 4.20 7.0e-01 1.7e-10 4.1e-04 8.0e-01 3.1e-09 0.007
Hbb-b1 1.43 0.39 0.56 1.6e-01 7.0e-01 5.8e-01 2.5e-01 7.5e-01 0.901
Cebpa 0.46 1.22 1.13 6.5e-01 2.3e-01 2.7e-01 7.7e-01 3.5e-01 0.764
Hoxb4 0.24 0.52 0.18 8.0e-01 6.0e-01 8.6e-01 8.7e-01 6.8e-01 0.977
Gfi1b 3.40 3.96 0.56 2.7e-03 7.2e-04 5.8e-01 1.0e-02 2.3e-03 0.901
Gfi1 3.33 1.71 1.10 3.2e-03 1.0e-01 2.8e-01 1.0e-02 1.7e-01 0.764
Il7r 1.58 5.07 0.19 1.2e-01 5.1e-05 8.5e-01 2.2e-01 2.4e-04 0.977
Sfpi1 0.35 6.28 0.61 7.3e-01 3.2e-06 5.5e-01 8.1e-01 1.8e-05 0.901
Id1 0.10 3.89 0.09 9.2e-01 8.4e-04 9.2e-01 9.5e-01 2.5e-03 0.977
Tcf7 0.01 7.26 3.92 9.9e-01 3.9e-07 7.9e-04 9.9e-01 2.9e-06 0.010
Lef1 4.66 3.64 0.85 1.3e-04 1.5e-03 4.0e-01 8.2e-04 4.2e-03 0.850
Runx1 7.83 2.01 1.22 1.2e-07 5.7e-02 2.3e-01 1.2e-06 1.0e-01 0.734
Runx3 1.40 3.00 1.32 1.7e-01 6.9e-03 2.0e-01 2.5e-01 1.7e-02 0.734
Nfe2 0.01 0.74 0.71 9.9e-01 4.6e-01 4.8e-01 9.9e-01 5.7e-01 0.897
Dtx1 24.31 6.47 1.73 8.5e-17 2.1e-06 9.7e-02 4.4e-15 1.3e-05 0.390
Ptcra 17.67 3.86 0.05 4.9e-14 9.1e-04 9.5e-01 1.2e-12 2.6e-03 0.977
Ets1 0.37 1.09 1.26 7.1e-01 2.8e-01 2.2e-01 8.0e-01 4.0e-01 0.734
Ets2 7.18 0.91 2.05 4.6e-07 3.7e-01 5.3e-02 3.4e-06 5.0e-01 0.278
Ikzf3 3.15 0.77 0.55 4.8e-03 4.4e-01 5.8e-01 1.4e-02 5.6e-01 0.901
Ikzf1 1.07 2.38 0.10 2.9e-01 2.7e-02 9.2e-01 3.9e-01 5.8e-02 0.977
Ikzf2 1.63 2.12 1.08 1.1e-01 4.5e-02 2.9e-01 2.1e-01 9.1e-02 0.764
Rag1 3.11 3.35 0.67 5.3e-03 3.0e-03 5.0e-01 1.4e-02 7.9e-03 0.901
Gata1 1.46 10.41 2.77 1.5e-01 1.0e-09 1.1e-02 2.4e-01 1.0e-08 0.098
Gata2 1.24 9.72 1.84 2.2e-01 3.3e-09 8.0e-02 3.2e-01 2.9e-08 0.347
Gata3 2.20 0.72 0.98 3.9e-02 4.8e-01 3.3e-01 8.1e-02 5.8e-01 0.794
Cd3e 4.64 0.46 1.01 1.4e-04 6.4e-01 3.2e-01 8.2e-04 7.1e-01 0.794
Zfpm1 1.71 0.20 1.21 1.0e-01 8.4e-01 2.4e-01 1.8e-01 8.5e-01 0.734
Fli1 1.17 1.95 0.48 2.5e-01 6.4e-02 6.3e-01 3.5e-01 1.1e-01 0.905
Tal1 1.15 4.72 2.20 2.6e-01 1.1e-04 3.9e-02 3.6e-01 4.7e-04 0.226
Id2 1.46 0.12 0.21 1.5e-01 9.0e-01 8.3e-01 2.4e-01 9.0e-01 0.977
Tcf12 3.27 1.23 0.83 3.7e-03 2.3e-01 4.1e-01 1.1e-02 3.5e-01 0.850
Notch1 9.62 2.78 0.00 4.0e-09 1.1e-02 9.9e-01 6.9e-08 2.6e-02 0.999
Notch3 9.19 4.95 2.76 8.7e-09 6.8e-05 1.1e-02 1.1e-07 2.9e-04 0.098
Myb 4.09 0.77 0.44 5.3e-04 4.4e-01 6.6e-01 2.7e-03 5.6e-01 0.906
Cebpb 0.72 1.26 0.09 4.8e-01 2.2e-01 9.2e-01 5.9e-01 3.5e-01 0.977
Ebf1 0.74 1.20 0.80 4.6e-01 2.4e-01 4.3e-01 5.9e-01 3.5e-01 0.850
Pax5 2.36 0.83 0.23 2.8e-02 4.1e-01 8.1e-01 6.4e-02 5.5e-01 0.977
Cd3 g 3.35 0.61 0.14 3.0e-03 5.4e-01 8.9e-01 1.0e-02 6.3e-01 0.977
Lck 2.99 1.98 0.22 7.0e-03 6.0e-02 8.2e-01 1.8e-02 1.0e-01 0.977
Zap70 1.54 2.50 0.28 1.3e-01 2.0e-02 7.8e-01 2.3e-01 4.6e-02 0.977
Sox4 2.31 0.66 0.47 3.1e-02 5.1e-01 6.4e-01 6.7e-02 6.1e-01 0.905
Lat 3.77 2.30 2.30 1.1e-03 3.1e-02 3.1e-02 4.7e-03 6.6e-02 0.206
Shown are the t test scores (first three columns) and raw P values (last three columns) for the individual effects of each of the two perturbations (D 
Delta-Notch, GGata3), and their interaction (DG). Data are from ref. 1. A negative T-statistic indicates a repressive interaction. Underlined gene names indicate
genes for which full developmental time course data was not available. These genes are therefore not indicated in the plots of Fig. 1. Id2, Zfpm1, and Cd3 g have
delta-PU.1 interaction P values close to our selection threshold and additional support in the literature. These were therefore retained in Fig. 1E.
1. Taghon T, Yui MA, Rothenberg EV (2007) Mast cell lineage diversion of T lineage precursors by the essential T cell transcription factor GATA-3. Nat Immunol 8:845–855.
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Table S7. Sources of interactions used to construct gene regulatory network
SourceId TargetId Source Sign Target Evidence
32 171 Notch/CSL Represses C/EBPa Weak early effect? Stronger indirect effect? Ref. 1 shows
effect on purified Thy-1 cells; not seen in crude fraction
in ref. 2
265 100 DN2, DN3 Stage
Negative Regulator
Represses GATA-2 Ref. 3
264 163 DN3 Specific Regulator Promotes Eva1 Tydell et al. 2007 J. Immunol.
265 161 DN2, DN3 Stage
Negative Regulator
Represses c-Kit Taghon et al. 2006 Immunity; Yui & Rothenberg 2004
J. Immunol.
264 165 DN3 Specific Regulator Promotes Notch1 Taghon et al. 2006 Immunity
192 82 Notch-mod. GATA-3 Represses TCF-1 Taghon et al 2007 Nat Immunol
32 117 Notch/CSL Promotes HEBAlt Wang, D.et al.: Anderson, J Immunol. 2006 Jul
1;177(1):109–19; Franco et al 2006 PNAS.
32 160 Notch/CSL Promotes CD25 Taghon et al 2005; I. Maillardet al.: Pear, J Exp Med. 2006
Oct 2;203(10):2239–45.
32 89 Notch/CSL Promotes Deltex1 Taghon et al 2005 Genes Dev; Franco et al. 2006 PNAS;
Taghon et al 2007 Nat Immunol; many earlier references
32 116 Notch/CSL Promotes Ets2 Taghon et al 2007 Nat Immunol; Franco et al 2006 PNAS
32 34 Notch/CSL Promotes HES-1 Taghon et al 2005 Genes Dev; many other references
32 149 Notch/CSL Promotes LEF-1 Taghon et al 2007 Nat Immunol
32 165 Notch/CSL Promotes Notch1 Taghon et al 2007 Nat Immunol
32 166 Notch/CSL Promotes Notch3 Taghon et al 2007 Nat Immunol
32 0 Notch/CSL Promotes PT Reizis, B. & Leder Genes Dev. 2002 Feb 1;16(3):295–300;
Franco et al. 2006 PNAS; Taghon et al 2007 Nat Immunol
32 153 Notch/CSL Promotes Runx1 Taghon et al 2007 Nat Immunol; Franco et al 2006 PNAS; cf.
also Nakagawa,M.et al.: Chiba, Blood. 2006 Nov
15;108(10):3329–34.
127 87 PU1 activity Promotes Aiolos Franco et al 2006 PNAS
127 260 PU1 activity Promotes Bcl11A Franco et al 2006 PNAS
127 161 PU1 activity Represses c-Kit Franco et al 2006 PNAS (supplementary information, cell
surface staining)
127 118 PU1 activity Represses E2A Franco et al 2006 PNAS
127 362 PU1 activity Represses Egr3 Franco et al 2006 PNAS
127 116 PU1 activity Represses Ets2 Franco et al 2006 PNAS
127 117 PU1 activity Represses HEBAlt Franco et al 2006 PNAS, Dionne et al 2005 Devel. Biol.
127 249 PU1 activity Represses Id3 Franco et al 2006 PNAS
127 20 PU1 activity Promotes IL-7R DeKoter, R. P.et al.: Singh Immunity. 2002
Feb;16(2):297–309.
127 37 PU1 activity Promotes Mac-1 Franco et al 2006 PNAS; Laiosa, C.V.et al.: Graf, Immunity.
2006 Nov;25(5):731–44. for effect in thymocytes; many
other refs for other cells
127 152 PU1 activity Promotes Pou6f1 Franco et al 2006 PNAS
127 131 PU1 activity Promotes PU.1 modulated
by Notch/DL
By definition
127 157 PU1 activity Represses SpiB Franco et al 2006 PNAS
52 52 PU.1 Promotes PU.1 Franco et al 2006 PNAS (very weak, borderline in
thymocytes); Okuno, Y.,et al.: Tenen, Mol Cell Biol. 2005
Apr;25(7):2832–45.; H. Chen,et al.: Tenen Oncogene. 1995
Oct 19;11(8):1549–60
398 52 Runx coactivator Promotes PU.1 Okada, H.et al.: Satake Oncogene. 1998 Nov
5;17(18):2287–93; Huang, G.et al.: Tenen Nat Genet. 2008
Jan;40(1):51–60.
525 264 Egr2 3 Represses DN3 Specific
Regulator
Carleton, M.et al.: Wiest J Immunol. 2002 Feb
15;168(4):1649–58.
216 115 Egr2 Represses Gfi1 Laslo, P.et al.: Singh Cell. 2006 Aug 25;126(4):755–66
115 216 Gfi1 Represses Egr2 Laslo, P.et al.: Singh Cell. 2006 Aug 25;126(4):755–66
148 115 Gfi1B Represses Gfi1 Doan, L. L.et al.: Grimes Nucleic Acids Res. 2004 May
6;32(8):2508–19; Xu, W. and Kee, B. L. Blood. 2007 May
15;109(10):4406–14
32 118 Notch/CSL Promotes E2A Franco et al PNAS 2006; Taghon et al 2007 Nat Immunol;
both quite weak
154 52 Runx3 Promotes PU.1 possible interpretation of expression pattern in view of
Huang, G.et al.: Tenen Nat Genet. 2008 Jan;40(1):51–60.
153 349 Runx1 Promotes Tcr- Wotton, D et al.: Owen, M. J. Mol Cell Biol. 1994
Jan;14(1):840–50; Kim, W.Y.et al.: Ito, EMBO J. 1999 Mar
15;18(6):1609–20
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131 168 PU.1 modulated by
Notch/DL
Represses Bcl11B Franco et al PNAS 2006
131 150 PU.1 modulated by
Notch/DL
Represses c-Myb Franco et al PNAS 2006; for PU.1 effect generally also
Dionne et al. 2005 Devel. Biol.
131 112 PU.1 modulated by
Notch/DL
Represses Ets1 Franco et al PNAS 2006
131 114 PU.1 modulated by
Notch/DL
Represses FOG-1 Franco et al PNAS 2006
131 115 PU.1 modulated by
Notch/DL
Represses Gfi1 Franco et al PNAS 2006
131 113 PU.1 modulated by
Notch/DL
Represses HEB Franco et al PNAS 2006
131 68 PU.1 modulated by
Notch/DL
Promotes Id2 Franco et al PNAS 2006; for PU.1 effect generally also
Dionne et al. 2005 Devel. Biol.
131 88 PU.1 modulated by
Notch/DL
Represses Ikaros Franco et al PNAS 2006
131 210 PU.1 modulated by
Notch/DL
Represses LAT Franco et al PNAS 2006
131 211 PU.1 modulated by
Notch/DL
Represses Lck Franco et al PNAS 2006
131 86 PU.1 modulated by
Notch/DL
Represses RAG-1 Franco et al PNAS 2006; for PU.1 effect generally also
Dionne et al. 2005 Devel. Biol.
131 82 PU.1 modulated by
Notch/DL
Represses TCF-1 Franco et al PNAS 2006
131 212 PU.1 modulated by
Notch/DL
Represses Zap70 Franco et al PNAS 2006
264 157 DN3 Specific Regulator Promotes SpiB David-Fung et al 2006 Immunol. Rev.; Taghon et al. 2006
Immunity; Lefebvre, J.M.et al.: Wiest, J Immunol. 2005
May 15;174(10):6184–94; Yui & Rothenberg 2004
J. Immunol.
265 148 DN2, DN3 Stage
Negative Regulator
Represses Gfi1B David-Fung et al 2006 Immunol. Rev.
264 112 DN3 Specific Regulator Promotes Ets1 David-Fung et al 2006 Immunol. Rev.
264 116 DN3 Specific Regulator Promotes Ets2 David-Fung et al 2006 Immunol. Rev.
264 149 DN3 Specific Regulator Promotes LEF-1 David-Fung et al 2006 Immunol. Rev.
264 152 DN3 Specific Regulator Promotes Pou6f1 David-Fung et al 2006 Immunol. Rev.
117 69 HEBAlt Promotes Net E protein
activity
Conjectural; D. Wang et al. 2006 J. Immunol.
115 405 Gfi1 Regulates Negative inputs Conjectural link to PU.1 based on cis-regulatory DNA
sequence and knockout phenotype
81 168 GATA-3 Promotes Bcl11B Conjectural; based on sequence motifs in conserved
noncoding regions
469 168 Specification initiator Promotes Bcl11B C.C. Tydell et al 2007 J Immunol.
469 117 Specification initiator Promotes HEBAlt C.C. Tydell et al 2007 J Immunol.
265 52 DN2, DN3 Stage
Negative Regulator
Represses PU.1 Anderson et al. 1999 Development; Anderson et al 2002
Immunity; Spain, L. M et. al.: Scott, J Immunol. 1999 Sep
1;163(5):2681–7; Lefebvre, J.M.et al.: Wiest J Immunol.
2005 May 15;174(10):6184–94.; David-Fung et al 2006
Immunol. Rev.
32 249 Notch/CSL Represses Id3 Taghon et al 2007 Nat Immunol; Franco et al 2006 PNAS
112 73 Ets1 Promotes NK Cell Genes Walunas,T.L et al.: Leiden J Immunol. 2000 Mar
15;164(6):2857–60.
81 52 GATA-3 Represses PU.1 Taghon et al 2007, Nat. Immunol.; Hernandez-Hoyos et al
2003, Immunity; MK Anderson et al. 2002, Developmental
Biol.; Scripture-Adams, D. D. & EVR, unpublished;
Zarnegar, M. A. & EVR, unpublished
65 34 pre-TCR signal Represses HES-1 Taghon et al 2006 Immunity; Yui & Rothenberg 2004
J. Immunol.
65 157 pre-TCR signal Represses SpiB Taghon et al 2006 Immunity; Yui & Rothenberg 2004
J. Immunol.
65 167 pre-TCR signal Promotes Tcr-C Taghon et al 2006 Immunity; Yui & Rothenberg 2004
J. Immunol.
65 117 pre-TCR signal Represses HEBAlt Taghon et al 2006 Immunity; Wang, D.et al.: Anderson,
J Immunol. 2006 Jul 1;177(1):109–19; J. Immunol.; M. Yui
and EVR, J Immunol. 2004
65 87 pre-TCR signal Promotes Aiolos Taghon et al 2006 Immunity
Georgescu et al. www.pnas.org/cgi/content/short/0806501105 24 of 30
SourceId TargetId Source Sign Target Evidence
65 160 pre-TCR signal Represses CD25 Taghon et al 2006 Immunity
65 89 pre-TCR signal Represses Deltex1 Taghon et al 2006 Immunity
65 361 pre-TCR signal Promotes Egr1 Carleton, M.et al.: Wiest J Immunol. 2002 Feb
15;168(4):1649–58.
65 216 pre-TCR signal Promotes Egr2 Carleton, M.et al.: Wiest J Immunol. 2002 Feb
15;168(4):1649–58.; Taghon et al 2006 Immunity (note
that most expression is in gamma delta T cells)
65 362 pre-TCR signal Promotes Egr3 Carleton, M.et al.: Wiest J Immunol. 2002 Feb
15;168(4):1649–58.; Taghon et al 2006 Immunity (note
that most expression is in gamma delta T cells)
65 163 pre-TCR signal Represses Eva1 C.C. Tydell et al 2007 J Immunol.
65 249 pre-TCR signal Promotes Id3 Taghon et al 2006 Immunity
65 20 pre-TCR signal Represses IL-7R Taghon et al 2006 Immunity
65 165 pre-TCR signal Represses Notch1 Taghon et al 2006 Immunity
65 166 pre-TCR signal Represses Notch3 Taghon et al 2006 Immunity
65 90 pre-TCR signal Represses Nrarp Taghon et al 2006 Immunity
65 0 pre-TCR signal Represses PT Taghon et al 2006 Immunity
65 86 pre-TCR signal Represses RAG-1 Taghon et al 2006 Immunity
265 62 DN2, DN3 Stage
Negative Regulator
Represses SCL/Tal-1 Herblot, S. & Hoang, Nat Immunol. 2000 Aug;1(2):138–44;
Rothenberg, Moore, Yui 2008 Nat Rev Immunol; Tydell et
al. 2007 J. Immunol.
265 171 DN2, DN3 Stage
Negative Regulator
Represses C/EBPa Rothenberg, Moore, Yui 2008 Nat Rev Immunol
264 249 DN3 Specific Regulator Promotes Id3 Rothenberg, Moore, Yui 2008 Nat Rev Immunol
264 166 DN3 Specific Regulator Promotes Notch3 Rothenberg, Moore, Yui 2008 Nat Rev Immunol
264 167 DN3 Specific Regulator Promotes Tcr-C Rothenberg, Moore, Yui 2008 Nat Rev Immunol
82 405 TCF-1 Regulates Negative inputs Rosenbauer, F.et al.: Tenen, Nat Genet. 2006 Jan;38(1):27–37
82 404 TCF-1 Regulates Positive inputs Rosenbauer, F.et al.: Tenen, Nat Genet. 2006 Jan;38(1):27–37
101 1 Notch Promotes Notch-ICN By definition
69 73 Net E protein activity Represses NK Cell Genes Yokota,Y.et al.: Gruss, Nature. 1999 Feb 25;397(6721):702–6;
Boos, M.D.et al.: Kee, J Exp Med. 2007 May
14;204(5):1119–30.
69 469 Net E protein activity Promotes Specification
initiator
Murre, C. Nat Immunol. 2005 Nov;6(11):1079–86; Ikawa, T.,et
al.: Murre J Exp Med. 2006 May 15;203(5):1329–42
69 0 Net E protein activity Promotes PT  Reizis, B. & Leder J Exp Med. 2001 Oct 1;194(7):979–90;
Petersson K.et al.: Sigvardsson Eur J Immunol. 2002
Mar;32(3):911–20; Tremblay, M.et al.: Hoang, J Biol Chem.
2003 Apr 11; 278(15):12680–7.
127 39 PU1 activity Promotes GM-CSF-R Hohaus, S..et al.: Tenen, Mol Cell Biol. 1995
Oct;15(10):5830–45. Note that C/EBPa contributes too (not
shown)
399 52 Runx corepressor Represses PU.1 M. Zarnegar unpublished; Huang, G.et al.: Tenen Nat Genet.
2008 Jan;40(1):51–60.
32 90 Notch/CSL Promotes Nrarp Krebs, L.T.et al.: T. Gridley, 2001 Dev. Biol.; Pirot, P. et al.
2004 Biochem. Biophys. Research Commun.
150 86 c-Myb Promotes RAG-1 Conjectural; based on Rag-1/Rag-2 coregulation and Myb
inputs to Rag-2 per Wang QF, Lauring J, Schlissel MS Mol
Cell Biol. 2000 Dec;20(24):9203–11; a different Myb
complex, with Pax5 and LEF-1, controls Rag-2 in B cells per
Jin,Z.X., et al.: Muraguchi, J Immunol. 2002 Oct
1;169(7):3783–92
69 86 Net E protein activity Promotes RAG-1 Hsu, L.-Y.,et al.: Schlissel, Immunity. 2003 Jul;19(1):105–17 for
B cells; for T cells (weak effect), Schwartz, R.,et al.: Murre,
Proc Natl Acad Sci U S A. 2006 Jun 27;103(26):9976–81
69 81 Net E protein activity Promotes GATA-3 Gregoire, J.M. & Romeo, P.H. J Biol Chem. 1999 Mar
5;274(10):6567–78; but also see possible downregulation
in Xu, W. and Kee, B. L. Blood. 2007 May
15;109(10):4406–14; Ikawa, T.et al.: Murre J Exp Med. 2006
May 15;203(5):1329–42.
32 192 Notch/CSL Represses Notch-mod.
GATA-3
By definition
264 155 DN3 Specific Regulator Promotes SATB1 E-S. David-Fung, unpublished
265 154 DN2, DN3 Stage
Negative Regulator
Represses Runx3 David-Fung et al 2006 Immunol. Rev., Taghon et al. 2006
Immunity
69 117 Net E protein activity Promotes HEBAlt Wang, D.et al.: Anderson, J Immunol. 2006 Jul
1;177(1):109–19.
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81 349 GATA-3 Promotes Tcr- Hernandez-Munain & Krangel, 2002, J. Immunol; X. O Yang
et al (Willerford). 2003, Blood
361 249 Egr1 Promotes Id3 Bain, G.et al.: Murre Nat Immunol. 2001 Feb;2(2):165–71;
Bettini, M.et al.: Kersh J Immunol. 2002 Aug
15;169(4):1713–20
127 216 PU1 activity Promotes Egr2 Laslo, P.et al.: Singh Cell. 2006 Aug 25;126(4):755–66; and
Franco et al 2006 PNAS, and Dionne et al. 2005 Devel. Biol.
65 159 pre-TCR signal Represses Bcl2 Yui & Rothenberg 2004 J. Immunol.; Taghon et al 2006
Immunity (ab lineage only)
521 381 NotchMAPK Represses E2A/E2A Nie, L.et al.: Sun Mol Cell Biol. 2008 Mar;28(6):2078–90
516 73 IL-15/IL-2R signal Promotes NK Cell Genes Di Santo, J. P. Annu Rev Immunol. 2006;24:257–86
508 26 Stat5a/b Promotes IL7R/STAT
signal
By definition
469 242 Specification initiator Promotes CD3 g Rothenberg, Moore, Yui 2008 Nat Rev Immunol
469 84 Specification initiator Promotes CD3 Rothenberg, Moore, Yui 2008 Nat Rev Immunol
465 521 MAP kinase Promotes NotchMAPK By definition
465 127 MAP kinase Promotes PU1 activity Several modes, via p38 or other MAP kinases. Wang, J.M.,
Lai, & Yang-Yen Mol Cell Biol. 2003 Mar;23(6):1896–909;
Himes, S.R.,et al.: Hume, J Immunol. 2006 Feb
15;176(4):2219–28.
405 399 Negative inputs Promotes Runx
corepressor
Contextual inputs needed to direct Runx effect
404 398 Positive inputs Promotes Runx
coactivator
Contextual inputs needed to direct Runx effect
386 3 EBF antagonized by
Notch signaling (Net
EBF)
Promotes Pax5 Bubble net EBF escaping Notch inhibition
381 85 E2A/E2A Promotes EBF Hagman, J., & Lukin, K. Curr Opin Immunol. 2006
Apr;18(2):127–34
381 3 E2A/E2A Promotes Pax5 Hagman, J., & Lukin, K. Curr Opin Immunol. 2006
Apr;18(2):127–34
369 73 Elf4 Promotes NK Cell Genes Elf4MEF; Glimcher, L.H. et al. Nat Rev Immunol. 2004
Nov;4(11):900–11
362 525 Egr3 Promotes Egr2 3 By definition
356 292 bubble Promotes bubble stages in assembly of pre-TCR signaling competence; order is
arbitrary
354 356 bubble Promotes bubble stages in assembly of pre-TCR signaling competence; order is
arbitrary
350 346 Rearranged-TCR- Promotes Pre-TCR Rate limiting component of pre-TCR
349 350 Tcr- Promotes Rearranged-
TCR-
By definition
346 354 Pre-TCR Promotes bubble Prequisite for signaling competence
343 346 CD3 Promotes Pre-TCR Integral component of pre-TCR
302 161 High-level GATA-3 Promotes c-Kit Taghon, Yui, Rothenberg 2007 Nat. Immunol.; Anderson,
M. K. et al 2002 Devel. Biol.
302 185 High-level GATA-3 Promotes CPA3 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 89 High-level GATA-3 Represses Deltex1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 51 High-level GATA-3 Promotes GATA-1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 100 High-level GATA-3 Promotes GATA-2 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 148 High-level GATA-3 Promotes Gfi1B Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 34 High-level GATA-3 Promotes HES-1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.; Anderson,
M. K. et al 2002 Devel. Biol.
302 192 High-level GATA-3 Promotes Notch-mod.
GATA-3
By definition
302 20 High-level GATA-3 Represses IL-7R Taghon, Yui, Rothenberg 2007 Nat. Immunol.;
Hernandez-Hoyos et al. 2003 Immunity; Anderson, M. K.
et al 2002 Devel. Biol.
302 184 High-level GATA-3 Promotes Mitf Taghon, Yui, Rothenberg 2007 Nat. Immunol.
302 0 High-level GATA-3 Represses PT Taghon, Yui, Rothenberg 2007 Nat. Immunol.; Anderson,
M. K. et al 2002 Devel. Biol.
302 86 High-level GATA-3 Represses RAG-1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.; Anderson,
M. K. et al 2002 Devel. Biol.
302 62 High-level GATA-3 Promotes SCL/Tal-1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.; Anderson,
M. K. et al 2002 Devel. Biol.
292 65 bubble Regulates pre-TCR signal Bubble assembly of full Pre-TCR signaling complex with
kinases and adaptors
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286 101 Delta Promotes Notch By definition; triggers Notch signaling
264 302 DN3 Specific Regulator Represses High-level
GATA-3
Taghon, Yui, Rothenberg 2007 Nat. Immunol.
249 69 Id3 Represses Net E protein
activity
By definition
242 343 CD3 g Promotes CD3 By definition
238 225 E2A antagonized by
SCL/Tal1 (net E2A)
Promotes E2A/HEB Bubble net E2A escaping SCL/Tal1 heterodimer
225 69 E2A/HEB Promotes Net E protein
activity
By definition
216 525 Egr2 Promotes Egr2 3 By definition
216 40 Egr2 Promotes M-CSF-R Krysinska,H,et al.: Bonifer Mol Cell Biol. 2007
Feb;27(3):878–87
212 356 Zap70 Promotes bubble Bubble intermediate TCR signaling complex
211 354 Lck Promotes bubble Bubble intermediate TCR signaling complex
210 292 LAT Promotes bubble Bubble intermediate TCR signaling complex
171 40 C/EBPa Promotes M-CSF-R Petrovick, M.S.et al.: Tenen, Mol Cell Biol. 1998
Jul;18(7):3915–25
171 76 C/EBPa Promotes Other Myeloid
Genes
Friedman,A.D. Oncogene. 2007 Oct 15;26(47):6816–28
166 101 Notch3 Promotes Notch Assuming that Notch3 is here acting as Notch agonist
165 101 Notch1 Promotes Notch By definition
164 516 IL-2R Promotes IL-15/IL-2R
signal
By definition
158 73 Tbet Promotes NK Cell Genes Townsend,M. J. et al.: Glimcher Immunity. 2004
Apr;20(4):477–94.
155 160 SATB1 Represses CD25 Alvarez, Y.D.et al.: Kohwi-Shigematsu Genes Dev. 2000 Mar
1;14(5):521–35
153 40 Runx1 Promotes M-CSF-R Petrovick, M.S.et al.: Tenen, Mol Cell Biol. 1998
Jul;18(7):3915–25
153 399 Runx1 Promotes Runx
corepressor
By definition
153 398 Runx1 Promotes Runx
coactivator
By definition
150 81 c-Myb Promotes GATA-3 Maurice, D.et al.: Weston EMBO J. 2007 Aug
8;26(15):3629–40
131 242 PU.1 modulated by
Notch/DL
Represses CD3 g Franco et al PNAS 2006
131 84 PU.1 modulated by
Notch/DL
Represses CD3 Franco et al PNAS 2006
127 38 PU1 activity Promotes F4/80 Franco et al PNAS 2006
127 20 PU1 activity Represses IL-7R Franco et al PNAS 2006
127 40 PU1 activity Promotes M-CSF-R Petrovick, M.S.et al.: Tenen, Mol Cell Biol. 1998
Jul;18(7):3915–25; for early T cells also Dionne et al. 2005
Devel. Biol.
118 238 E2A Promotes E2A
antagonized by
SCL/Tal1 (net
E2A)
This bubble is net E2A escaping SCL/Tal1 heterodimer
formation
118 381 E2A Regulates E2A/E2A By definition
118 382 E2A Promotes E2A/SCL By definition
117 225 HEBAlt Promotes E2A/HEB Conjectural; from Wang, D.et al.: Anderson, J Immunol. 2006
Jul 1;177(1):109–19.
114 60 FOG-1 Promotes Other Eryth.
Genes
Cantor, A.B. & Orkin, S.H. Oncogene. 2002 May
13;21(21):3368–76
113 225 HEB Promotes E2A/HEB By definition
112 349 Ets1 Promotes Tcr- Wotton, D et al.: Owen, M. J. Mol Cell Biol. 1994
Jan;14(1):840–50; Kim, W.Y.et al.: Ito, EMBO J. 1999 Mar
15;18(6):1609–20
100 161 GATA-2 Promotes c-Kit Taghon, Yui, Rothenberg 2007 Nat. Immunol.
100 185 GATA-2 Promotes CPA3 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
100 100 GATA-2 Promotes GATA-2 Grass, J.A., et al.: Bresnick, Proc Natl Acad Sci U S A. 2003 Jul
22;100(15):8811–6
90 1 Nrarp Represses Notch-ICN Yun, T.J. & Bevan, M. J. J Immunol. 2003 Jun
15;170(12):5834–41
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88 4 Ikaros Promotes Other B-cell
Different’n
Genes
based on its requirement in B development; Thompson,
E.C.et al.: Merkenschlager, Immunity. 2007
Mar;26(3):335–44; Reynaud D.et al.: Singh, Nat Immunol.
2008 epub Jun 22.PMID: 18568028
86 350 RAG-1 Promotes Rearranged-
TCR-
Major role in T-cell development
85 386 EBF Promotes EBF
antagonized by
Notch signaling
(Net EBF)
Bubble net EBF escaping Notch inhibition
84 343 CD3 Promotes CD3 By definition; major complex component
82 168 TCF-1 Promotes Bcl11B Conjectural, based on cis-regulatory sequence and
expression pattern
82 391 TCF-1 Promotes NK Receptors Held, W.,et al.: Clevers, Immunity. 1999 Oct;11(4):433–42
81 171 GATA-3 Represses C/EBPa Taghon, Yui, Rothenberg 2007 Nat. Immunol.
81 302 GATA-3 Promotes High-level
GATA-3
By definition
81 172 GATA-3 Represses Id1 Taghon, Yui, Rothenberg 2007 Nat. Immunol.
81 20 GATA-3 Represses IL-7R Taghon, Yui, Rothenberg 2007 Nat. Immunol.
68 69 Id2 Represses Net E protein
activity
By definition
65 511 pre-TCR signal Represses Erg Anderson et al. 1999 Development; Anderson, M. K.
Immunol Rev. 2006 Feb;209:191–211
65 155 pre-TCR signal Promotes SATB1 E.S.David-Fung, unpublished results
62 238 SCL/Tal-1 Represses E2A
antagonized by
SCL/Tal1 (net
E2A)
Bubble net E2A escaping SCL/Tal1 heterodimer
62 382 SCL/Tal-1 Promotes E2A/SCL By definition
53 148 GATA-1 antagonized
by PU.1 (net GATA-1)
Promotes Gfi1B Bubble net GATA-1 activity; Huang,D.Y., Kuo, & Chang,
Nucleic Acids Res. 2005 Sep 21; 33(16):5331–42.
53 60 GATA-1 antagonized
by PU.1 (net GATA-1)
Promotes Other Eryth.
Genes
Bubble net GATA-1 activity
53 62 GATA-1 antagonized
by PU.1 (net GATA-1)
Promotes SCL/Tal-1 Bubble net GATA-1 activity
52 53 PU.1 Represses GATA-1
antagonized by
PU.1 (net
GATA-1)
bubble net GATA-1 activity; Rekhtman, N. et al.: Skoultchi,
Genes Dev. 1999 Jun 1; 13(11):1398–411; Zhang, P.et al.:
Tenen, Blood. 2000 Oct 15;96(8):2641–8.
52 19 PU.1 Promotes PU.1
antagonized by
GATA-1 (net
PU.1)
By definition
51 53 GATA-1 Promotes GATA-1
antagonized by
PU.1 (net
GATA-1)
Bubble net GATA-1 activity
51 51 GATA-1 Promotes GATA-1 Nishimura, S.et al.: Yamamoto. Mol Cell Biol. 2000
Jan;20(2):713–23
51 19 GATA-1 Represses PU.1
antagonized by
GATA-1 (net
PU.1)
Nerlov, C.et al.: Graf Blood. 2000 Apr 15;95(8):2543–51
32 386 Notch/CSL Represses EBF
antagonized by
Notch signaling
(Net EBF)
Bubble EBF activity
32 265 Notch/CSL Promotes DN2, DN3 Stage
Negative
Regulator
Conjectural; based on Notch requirement to reach DN2
stage
32 264 Notch/CSL Promotes DN3 Specific
Regulator
Conjectural; based on Notch requirement to reach DN3
stage
32 85 Notch/CSL Represses EBF Taghon et al. 2005 Genes Dev; only demonstrated before
EBF upregulation (see Smith, E.M. et al.: Sigvardsson,
Blood. 2005 Sep 15;106(6):1995–2001 for alt. mechanism)
32 81 Notch/CSL Promotes GATA-3 Taghon et al. 2005 Genes Dev
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32 521 Notch/CSL Promotes NotchMAPK By definition
32 131 Notch/CSL Represses PU.1 modulated
by Notch/DL
By definition
32 469 Notch/CSL Promotes Specification
initiator
Tydell et al. 2007 J. Immunol.
22 26 IL-7/IL-7R Regulates IL7R/STAT
signal
Established signaling mediator
21 22 IL-7 Promotes IL-7/IL-7R By definition
20 22 IL-7R Promotes IL-7/IL-7R By definition
19 127 PU.1 antagonized by
GATA-1 (net PU.1)
Promotes PU1 activity by definition
3 96 Pax5 Promotes CD19 Cobaleda, C. & Busslinger, M. Nat Immunol. 2007
May;8(5):463–70.
3 85 Pax5 Promotes EBF Roessler, S.,et al.: Grosschedl, Mol Cell Biol. 2007
Jan;27(2):579–94
3 165 Pax5 Represses Notch1 Souabni, A. et al.: Busslinger, Immunity. 2002
Dec;17(6):781–93.
3 4 Pax5 Promotes Other B-cell
differentation
genes
Cobaleda, C. & Busslinger, M. Nat Immunol. 2007
May;8(5):463–70.
1 32 Notch-ICN Regulates Notch/CSL By definition
0 346 PT Promotes Pre-TCR Structural component of pre-TCR
112 625 Ets1 Promotes Ets-repr Conjectural: based on Ets target elements in PU.1 cis-reg
region
116 625 Ets2 Promotes Ets-repr Conjectural: based on Ets target elements in PU.1 cis-reg
region
127 154 PU1 activity Represses Runx3 Franco et al. 2006 PNAS
131 34 PU.1 modulated by
Notch/DL
Represses HES-1 Franco et al. 2006 PNAS
148 81 Gfi1B Represses GATA-3 Xu, W. and Kee, B. L. Blood. 2007 May 15;109(10):4406–14
153 469 Runx1 Promotes Specification
initiator
Guo, Y.et al.: Speck Blood. 2008 epub Apr 4. PMID: 18390836
168 265 Bcl11B Promotes DN2, DN3 Stage
Negative
Regulator
Conjectural: from expression pattern and known repressor
function
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Each node in the BioTapestry network model is given a unique numerical identifier. Listed are the source and target of each interaction in the network in these
terms, the names of the source and target and the type of interaction, and the source of the proposed link, including indications of any connections that are
weak or conjectural and the basis for choosing to include them. This table is continually updated on the web site www.its.caltech.edu/tcellgrn. In the network
shown online, the current state of evidence for any given link can be retrieved in the Biotapestry viewer by clicking on that link. The entries in this table are current
for the version of the network shown in Fig. 3 and Fig. S4.
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